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Abstract
This paper deals with the analysis of the generation of Construction and 
Demolition Waste (CDW) in Havana, Cuba, for the period 1999 to 2010 and 
its possible use in the manufacturing of recycled aggregates in mortar and 
concrete production. In order to define the possible applications of the CDW 
as aggregates in mortar and concrete production the characteristics of the 
waste as well as studying the existing technologies available in the province 
for their treatment were analysed. Based on the experimental results, it was 
determined that the recycled fine aggregates of a mixed composition achieved 
the minimum requirements defined by Cuban regulations. All the mortars 
produced with recycled fine aggregates achieved a compressive strength 
of 5.2 MPa after 28 days which is the minimum requirement for a Type III 
mortar, consequently they could be used in the manufacturing of masonry 
mortar. The recycled coarse aggregate originating from pre-cast floor elements 
could possibly be used in the production of structural concrete for medium 
and low aggressive environments when concretes were made with 50% and 
100% of recycled coarse aggregates in substitution of the natural aggregates, 
respectively.
* Autor de correspondencia: teléfono: + 55 + 61 + 3107 3300, fax: + 55 + 61 + 3107 5540, correo electrónico: elierpavon@gmail.com (E. Pavón)
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Resumen
En este trabajo se realiza un análisis de la generación de Residuos de 
Construcción y Demolición (RCD) para el período de 1999 a 2010 en La 
Habana, Cuba y se define su posible uso en la fabricación de áridos reciclados 
para la producción de mortero y hormigón. Para la definición de las posibles 
aplicaciones de los RCD como agregados en la producción de mortero 
y hormigón, se analizaron las características de los residuos, así como el 
estudio de las tecnologías disponibles actualmente en la provincia para su 
tratamiento. Basado en los resultados experimentales, se determinó que los 
áridos finos reciclados de composición mixta cumplían con los mínimos 
requisitos exigido por las normas cubanas. Todos los morteros producidos 
con áridos reciclados finos obtuvieron una resistencia a compresión de 5.2 
MPa a los 28 días, que es el mínimo establecido para morteros tipo III, por lo 
que pueden ser utilizados en la producción de morteros de albañilería. El árido 
grueso reciclado originado de elementos de hormigón prefabricado puede ser 
utilizado en la producción de hormigón estructural para ambientes de baja y 
media agresividad, con sustituciones de 50% y 100%, respectivamente, de 
árido natural por reciclado.
----------Palabras clave: Residuos sólidos urbanos (RSU), residuos 
de construcción y demolición (RCD), agregados reciclados, mortero, 
hormigón, Habana, Cuba
Introduction
The generation of Construction and Demolition 
Waste (CDW) is a topic of great interest to the 
vast majority of city authorities throughout the 
world. As a result of this interest there has been 
significant research carried out in many countries 
focusing on the quantifying of the waste and on 
the proposals of new alternatives for dealing 
with it. In the period from 2000 to 2010, 87 
articles were published by eight of the most 
important journals that address these issues on an 
international level [1].
The quantification of the CDW began to gain 
force in the 80’s with works such as that of Poon 
et al. [2], which shows data dating from the year 
1986 onwards, when they first started to record 
the percentages of waste that were deposited in 
landfills and public areas as well as evaluating 
alternatives for their classification and treatment.
Most of the data concerning CDW generation can 
be found in posterior publications dating from the 
year 2000. These publications show the values 
from the 1990s to the early 2000s, the amount of 
urban solid waste (USW) and CDW usually being 
determined in millions of tons. CDW represents 
between 14-44% of the USW weight generated, 
values obtained from various articles [3-5]. In 
addition, one of the most recent publications 
analyses the methodologies dedicated for the 
estimation of the volume of CDW that new 
buildings are capable of generating [6]. These 
estimations are carried out at the design stage 
of the building by using computerized dynamic 
models to evaluate the types of recycling 
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alternatives through the comparison of economic 
and environmental policies [7].
The generation of CDW is not documented 
in La Habana, consequently this study shows 
estimated data which has been collected from 
companies and organizations in the city, which 
are responsible for the collection and treatment 
of the waste of all USW. The latest known data 
concerning the generation of Cuban Urban Solid 
Waste (USW) corresponds to the period 1999-
2010. Figure 1 shows these values, obtained from 
the National Office of Statistics and Information 
(ONEI). In the same data it can be seen that the 
generation of USW has increased over the past 10 
years at a rate of 2.2% per year, which signifies 
a difference in 2010 with respect to 1999 of over 
5,000,000 m3. It is important to note that in 2008 
there is a peak in the behaviour shown, this was 
due to the effect of two hurricanes (Gustav and 
Ike). The waste collected in the country in the 
period 2004-2010 on average, reached 370 kg/
person/year (using the data of number of persons 
per province and total USW weight provided for 
the ONEI [8]), while countries in the European 
Union generated 480 kg/person/year [9].
0
5000
10000
15000
20000
25000
30000
35000
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
U
SW
 (t
ho
us
an
ds
 m
3 
/ y
ea
r)
Year
Figure 1 USW generation in Cuba (1999-2010)
Havana generates around 37% of Cuba’s total 
waste, nearly 2/5 parts of all waste generated. 
This value is calculated from the data of USW 
generation in the country, published between 
1999-2010 by the ONEI [10].
Cuba’s capital, Havana, has an approximate area 
of 721 km2 and 2.2 million inhabitants, which 
represents less than 1% of the surface area of 
the country and 19% of Cuba’s total population. 
Havana is divided into 15 Municipalities. It was 
found (according to the data provided by the 
municipal enterprises of the community services) 
that the highest rates of production of waste were 
from northwest, from the municipalities of Diez 
de Octubre, Habana del Este, Plaza and Playa, 
which constitute four of the five most populated 
municipalities of the city. Habana Vieja (Old 
Havana) is the highest producer, but it has a 
different policy on the use of CDW waste to the 
other municipalities. It has not been taken into 
account in this research work.
The estimated volume of CDW generated for 
municipalities during period 2004-2010 was 
determined according to the data provided by 
the provincial and municipal hygiene and solid 
waste collection enterprises. The volume of 
CDW generated in Havana was estimated to 
have exceeded 420,000 m3 per year [11], which 
is approximately the equivalent of 1,100 m3/day. 
On the other hand, in other studies carried out the 
values obtained were of 1,170 m3/day by Soto 
[12], 1,050 m3/day in a study by The Ministry of 
Construction [13], and an estimation of 1,174 m3/
day in a study by Manchón [14]. The production 
of CDW in Havana during the last 5 years studied 
was as average a 5% (ranging from 3.8% to 7%) 
of the total value of the USW produced, among 
the different municipalities. These values are 
low in comparison with some of the data found 
internationally in countries such as Hong Kong, 
Germany and Finland, which show figures of 
38%, 19% and 14 % in weight, respectively [15]. 
In countries belonging to the American continent 
such as the U.S. and Brazil, the values are around 
29% and 15%, respectively [5]. Data below 10% 
can only be found in Thailand (7.7%) for the 
period 2002-2005 [4].
The CDW used in the production of recycled 
aggregates are classified according to their 
compositions, basically in three groups (concrete, 
ceramics and mixed), and are crushed in mobile 
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plants at the demolition site (on site) or transported 
to large fixed plants (off site). Recycled 
aggregates, depending on their composition and 
physical-mechanical properties, can be used in 
partial or total substitution of natural aggregates 
in the manufacturing of mortars and concretes. 
In accordance with the use of recycled fine 
aggregates, the aggregates which are of a mixed 
composition are generally used in the production 
of masonry mortar.
The majority of the volume of CDW waste 
generated in Havana is produced from three 
sources: (1) Total and partial demolition of 
buildings and houses, (2) Excess building 
materials from new construction and renovation 
works on small houses or urbanizations; (3) Waste 
from building products made by pre-casting 
concrete companies. (This classification was 
defined in a research project led by the authors, 
entitled: “Manejo de residuos de construcción y 
demolición, de la comunidad cubana”, supported 
by the Spanish International Cooperation Agency 
for Development (AECID)).
The obtained waste materials are not in the 
same conditions in any of the three different 
sources of the CDW’s origin. The waste obtained 
from demolitions (1) is collected in containers 
and stored on sidewalks and streets near the 
demolition site. The accumulation of waste is 
easily accessible to the public, so depending 
on its location and storage time it may become 
contaminated. Meanwhile, the waste material 
generated by construction companies (2), due to 
its limitation of access to the public, it would only 
be mixed with residues from its own construction 
process. In the case of the waste material produced 
from the pre-cast concrete manufacturers and 
industries (3), these are usually not contaminated 
and can be used under the conditions found.
It is difficult to accurately determine the volume 
(in percentage) representing each of these 
sources, but it is estimated that the first two 
((1) and (2)) generate more than 90% of the 
CDW material, according to the data provided 
by the municipal enterprises of the community 
services (Empresas Municipales de Servicios 
Comunales) and the provincial hygiene unit 
(Unidad Provincial Presupuestada de Higiene) in 
the period 2004 – 2010. The waste obtained from 
source (3) is industrial waste from the production 
of building materials, primarily from pre-cast 
concrete products such as panels, slabs, blocks 
and tiles. There is also, to a lesser extent, ceramic 
waste which is generated from the production of 
bricks, tiles and sanitary fittings.
The properties of mortar manufactured with 
recycled aggregates vary according to the 
composition and the fineness (number of particles 
<75 microns) of the recycled aggregates. Due to 
the high porosity of the recycled aggregate and 
its direct impact on the effective water-cement 
(w/c) ratio [16], both physical and mechanical 
properties gave inferior results to mortar made 
with natural aggregate. However, mortars made 
with recycled aggregates with finer grading 
size, showed greater adherence to brick [17,18]. 
According to investigations conducted by Vegas 
et al. [19], the substitution of 25% of natural 
aggregates by recycled fine aggregate obtained 
from concrete waste, produces a mortar with 
similar properties to conventional mortar. 
However, in mortars made with 50% and 100% 
recycled fine aggregate, the compression strength 
may suffer a loss of 15% and 30%, respectively 
[20]. Moreover, using mortars which substituted 
natural aggregates by 50% of recycled fine 
aggregate from ceramic waste showed better or 
similar physical and mechanical properties to 
those of conventional mortar [21]. In some cases, 
mortars manufactured with 100% substitution of 
natural aggregates for mixed recycled aggregates, 
mainly composed of ceramic material, improved 
the bond, compressive and flexural strength 
properties obtained by the natural aggregates 
mortars [22].
Recycled coarse aggregates have been extensively 
studied, specifically the use of recycled concrete 
aggregate for structural concrete production 
[23-29]. It is known that up to 20% of recycled 
concrete aggregate can be used in the substitution 
of natural aggregate in structural concrete, 
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obtaining similar mechanical properties to 
those of the conventional concrete, as also does 
durability [30]. The concrete produced with 
25% and 50% of recycled concrete aggregate 
achieved similar mechanical properties to those 
of conventional concrete [24]. The application of 
these recycled aggregates has even reached the 
field of high performance concretes [31-32].
In this research work, samples of the recycled 
fine aggregates produced on-site, which were 
obtained from all of the three sources, were 
crushed and then tested in order to evaluate their 
physical properties. The production of recycled 
coarse aggregate was only carried out in the 
laboratory and its properties were also analysed. 
The obtained results were then compared with 
the minimum requirements stipulated by Cuban 
regulations and in its ASTM equivalent, as 
well as the results obtained from the natural 
aggregates, mainly used in the city, which had 
undergone the same testing in order to evaluate 
their applicability in production of cementations 
materials, mortar and concrete.
Materials
Raw and recycled fine aggregates
The waste material resulting from origins (1) 
and (2) are processed locally (on-site) with the 
use of several small mobile hammer machines 
which were obtained by various international 
funding through AECID (Spanish International 
Cooperation Agency for Development). Three 
major groups of buildings exist in Havana which 
produced three types of wastes: A) Housing 
with ceramic tiled roof and compacted earth and 
limestone walls. The waste obtained is mainly 
ceramic and silica; B) Housing with roof formed 
of steel beams and concrete slabs and walls of 
ceramic brick; C) Housing with roof formed of 
reinforced concrete and walls of concrete blocks. 
The residues are manually introduced into the 
shredder which, at the same time, permits the 
classification of the waste materials and removal 
all impurities. Each one of these machines is 
capable of producing a daily average of 4 m3 
of fine mixed recycled aggregate to use in the 
manufacture of mortar.
The recycled aggregates were identified as 
FRA-A, FRA-B and FRA-C, corresponding to 
each of the three types of the existing buildings, 
in accordance with its source of origin ((A), (B) 
and (C)).
Figure 2 shows the particle size distribution of the 
fine aggregates used. The recycled fine aggregate 
had a higher content of finer material compared 
with that of the crushed natural aggregate, which 
make it favourable for its use in masonry mortar. 
However, none of the aggregates, both natural 
and recycled, complied with the requirements 
of the NC 657:2008 [33] and ASTM C144 [34] 
standards, which determine the fineness of the 
fine aggregate for use in mortars. This deficiency 
led to the use of a high content of filler in the 
production of mortars in order to create an 
adequate mixture of both fine and larger particles.
Figure 2 Particle size distribution of the fine 
aggregates
Table 1 shows the main physical properties of 
the natural and recycled fine aggregates that were 
tested. 
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The specific gravity values of recycled fine 
aggregates were lower than those obtained from 
the natural aggregate, however, in all three cases 
the recycled fine aggregates were superior to 
1.6 kg/dm3 for mixed aggregates with a larger 
presence of ceramic and concrete. (taken as a 
reference from the literature, Working Group 2/5 
Concrete recycling, 2006 [35]).
The major differences between the properties 
of recycled fine aggregates respect to those of 
natural aggregates were the water absorption 
capacity and the amount of fine material that 
passed through the 0.074 mm sieve. The last 
one being limited in accordance with the ASTM 
C144 [34] to 10% for the use of aggregates in 
mortars, although Cuban regulations allow up 
to 15% depending on the clay content. None of 
the three recycled aggregates exceeded the last 
value and, moreover, the high values of water 
absorption could have a significant impact on the 
fresh state of the mortar [35].
Raw and recycled coarse aggregate 
The CDW produced from source (3), from pre-
cast concrete waste, is estimated to be in the order 
of 1,800 m3 per month [36]. According to Cuban 
publications, recycled coarse aggregates have 
only been studied on a laboratory scale. CDW 
was collected from different pre-cast concrete 
manufacturers producing pre-cast concrete 
elements, and it was discovered that the waste 
material resulting from the concrete production 
could be classified into three groups depending of 
the compressive strength of the original concrete, 
those over 35 MPa, between 30 and 20 MPa and 
with less than 15 MPa. These concrete waste 
materials were crushed in a small jaw machine 
in the laboratory and sieved through a 5 mm 
sieve, thus obtaining recycled coarse aggregates 
which were denominated CRA-35, CRA-25 and 
CRA-15 depending on the source of the concrete 
residue.
The grading size distribution of the three recycled 
aggregates and the crushed aggregates (CNA) 
coming from the Alacranes quarry (the most 
widely used coarse aggregate in the production 
of concrete in Havana) was determined (Figure 
3). The particle size of the recycled coarse 
aggregates was similar to the natural crushed 
limestone. The particle size of the recycled 
aggregates corresponded to the lower limit of the 
fraction 5/20 mm, established by the regulation 
NC 251:2005 [37] for the use of aggregates in 
concrete.
Figure 3 Particle size distribution of the coarse 
aggregates
The recycled coarse aggregates properties varied 
according to the concrete origin (see table 2), in 
all three cases the value of the density was above 
2.1 kg/dm3 and the absorption values did not 
exceed 8%.
Table 1 Properties of the fine aggregates
Properties FTA FNA FRA-A FRA-B FRA-C
Density (kg/dm3) 2.45 2.60 1.91 1.94 2.07
Water absorption (%) 3.0 1.2 13.0 11.8 10.8
Loose volumetric mass (kg/dm3) 1.43 1.47 1.15 1.16 1.31
Material finer than 0.074 mm sieve (%) 2.5 1.0 13.0 11.0 8.0
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All the aggregates had less that 1% of material 
finer than 0.074 mm, on passing through the #200 
(0.074mm) sieve set by the Cuban legislation for 
its use in concrete. As table 2 shows, the recycled 
coarse aggregates obtained a worse shape type 
when they were produced from original concrete 
with higher strength.
In general, the properties of the recycled coarse 
aggregates had major differences in density 
and water absorption when compared to those 
of natural aggregates [35]. The values obtained 
were in the vicinity of the values found in the 
literature [38-39] and comply with the provisions 
of the Cuban regulations for natural aggregates, 
therefore, based on their properties, they could be 
used as aggregate for concrete manufacture.
Mortar and Concrete manufacture 
Application of recycled aggregates
The recycled fine aggregates produced in Havana 
due to their mixed composition and adequate 
high content of fine material (finer than 0.074 
mm) could be used in making masonry mortars.
With respect to the recycled coarse aggregate 
obtained on a laboratory scale, as stated in the 
previous section these aggregates could be used 
in the manufactured of concrete as they not only 
comply with international standard but also 
Cuban regulations on natural aggregates.
Mortars with recycled fine aggregates
Cuban legislation classifies masonry mortars into 
5 types. This classification is associated with the 
mortar’s application. The mortar’s compressive 
strength determines the type of mortar and its 
properties such as water retention or adhesion, 
which together with the strength defines its use 
as a bonding mortar for brick or block laying or 
as a render.
One of the most used dosages in the making of 
masonry mortars is the ratio by volume: 1:4:2 
(cement: sand: filler), which is required to 
achieve the properties established by the Cuban 
regulation NC 791:2010 [40] for a mortar type 
III. This mortar can be used on exterior or interior 
load bearing and non-load bearing walls above 
ground level. Consequently, this mortar covers 
most of the applications of the mortars used in 
Havana. This volumetric dosage was used for the 
manufacture of mortars produced with the natural 
aggregates. For the production of the recycled 
aggregates mortars a 1:5:1 volumetric dosage 
was used. This was due to the higher amount of 
fine material contained in the recycled aggregate 
that required a reduction in the use of filler.
Table 3 shows the mix proportion used for 
the manufacture of each mortar. The mortars 
were produced using P-350 (35 MPa) cement, 
limestone filler and recycled and/or natural 
aggregates, described in the table 1. In all cases 
the mortars worked with a constant flow of 190±5 
mm in the flow table, as described in the Cuban 
standard NC 170:2002 [41]. In order to achieve 
that flow, the water-cement ratio of each mortar 
was varied, non-admixtures was used. The table 
3 shows the effective w/c ratio of each mortar, 
which was determined measuring the free water 
in the mortar. In order to estimate that value, the 
absorption capacity of recycled aggregates within 
30 minutes was considered. (The 30-minutes 
Table 2 Properties of the coarse aggregates
Properties CNA CRA-35 CRA-25 CRA-15
Density(kg/dm3) 2.61 2.45 2.30 2.17
Water Absorption (%) 1.6 3.2 5.7 7.5
Loose volumetric mass (kg/dm3) 1.38 1.26 1.22 1.19
Plane and long particles (%) 11.0 13.7 4.1 3.1
Material finer than 0.074mm sieve (%) 0.2 0.3 0.6 0.6
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absorption capacity was determined following 
the Cuban regulation NC 186:2002 [42]; the 
same standard was used to determine 24 hours 
absorption capacity) 
Table 3 Mix proportions of the different mortars
Mortar Cement (g) Fine aggregate (g) Limestone filler (g) Water/Cement Flow (mm)
M-FTA 1.00 4.58 1.82 1.41 191
M-FNA 1.00 4.70 1.82 1.38 190
M-FRA-A 1.00 4.16 1.58 1.67 186
M-FRA-B 1.00 4.09 1.64 1.66 187
M-FRA-C 1.00 4.49 1.68 1.60 192
Concrete with recycled aggregates
Most of the concrete produced in Havana is 
ready-mixed concrete and over the past 5 years 
an average over 65,000 m3/year of this concrete 
has been produced [43]. Generally two types of 
ready-mixed concrete are produced, H-30 and 
H-25, which have compressive strength at 28 
days of 30 and 25 MPa, respectively. To evaluate 
the applicability of the recycled coarse aggregates 
in structural concrete, a control concrete was 
manufactured using the dosage employed 
usually in the production of H-30 concrete (P-
350 Cement: 420 kg, Water: 189L, Sand: 792 
kg, Gravel: 930 kg, fluidizing additive: 4L). 
Recycled aggregate concretes were produced 
with 25%, 50% and 100% of substitution of the 
natural gravel for the three types of recycled 
coarse aggregates specified in table 2. Recycled 
concrete and natural aggregates were used in 
saturated and dried conditions, respectively. All 
the concretes were manufactured with a target 
slump of 120 ± 20 mm. To achieve that purpose, 
the content of additive were modify in each mix 
proportion (table 4). 
Table 4 Mix proportions of the different concretes. The total water was the amount added to the mixer (the water 
absorbed by natural aggregates was considered) 
Concrete
Cement 
(kg/m3)
Water 
(kg/m3)
Total 
water 
(kg/m3)
Fine 
aggregate 
(kg/m3)
Coarse 
aggregate 
(kg/m3)
Recycled coarse 
aggregate (kg/m3)
Additive 
(L)
C-NA 420 189 208 792 919 0 4
C-RA-35 (25%) 420 189 206 792 689 216 4
C-RA-35 (50%) 420 189 205 792 459 431 5
C-RA-35 (100%) 420 189 201 792 0 863 5
C-RA-25 (25%) 420 189 206 792 689 202 3.5
C-RA-25 (50%) 420 189 205 792 459 405 3.5
C-RA-25 (100%) 420 189 201 792 0 810 3
C-RA-15 (25%) 420 189 206 792 689 191 3.5
C-RA-15 (50%) 420 189 205 792 459 382 3
C-RA-15 (100%) 420 189 201 792 0 764 3
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Results and discussion
Mortars with recycled fine aggregates
Figure 4 show the results of the water retention of 
the mortars produced.
Figure 4 The water retention in mortars made with 
natural (M-FTA, M-FNA) and recycled (M-FRA-A, 
M-FRA-B, M-FRA-C) aggregates
It can be verified that all mortars produced either 
with natural or recycled fine aggregates, were 
in excess of the 90% water retention that Cuban 
regulations require for its use as a bonding mortar 
for the laying of both concrete blocks or ceramic 
bricks. 
All the mortars obtained a compressive strength 
of 5.2 MPa after 28 days which is the minimum 
requirements for a Type III mortar (see figure 5). 
Figure 5 Compressive strength at 28 days of mortar 
made with natural (M-FTA, M-FNA) and recycled 
(M-FRA-A, M-FRA-B, M-FRA-C) aggregates
As can be seen, the strength of the mortars 
employing recycled fine aggregates, independent 
of the type of waste material used, did not vary 
by more than 15%. In all cases they exceeded the 
strength of the mortar produced with the natural 
aggregate FTA. This was a result of the continuity 
of their particle size and the greater amount of finer 
particles found in the recycled fine aggregates as 
well as the low quality of this natural aggregate. 
In other studies carried out throughout the country 
using none conventional fine aggregates, the 
results were similar to those of a mortar produced 
with recycled mixed aggregate. Employing a 1:6 
(cement: aggregate) ratio a compressive strength 
of 6.7 MPa was obtained at 28 days [44] and 
mortars made with a ratio of 1:5:1 (Cement: Stone 
Dust: lime) achieved a strength of 6.9 MPa over 
the same period of time [45]. Mortars using fine 
mixed recycled aggregates combined with three 
different fillers were also tested and achieved good 
performance results [22].
The mortar produced with the recycled fine 
aggregates obtained from the three predominant 
types of CDW materials in Havana complied with 
the requirements stipulated by Cuban regulations 
for mortars. The defined mortars would cover 
the major applications currently employed in 
the use of masonry mortars manufactured with 
traditional aggregates.
Concrete with recycled aggregates
Figure 6 shows the compressive strength obtained 
by the control concrete and the nine recycled 
aggregate concretes at 28 days.
Figure 6 Compression strength at 28 days of concretes
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Regarding other outcomes obtained and according 
to the dosage employed, all recycled coarse 
aggregates could be used in the manufacture 
of structural concretes due to the fact that all 
concretes exceeded the 20 MPa required by the 
Cuban standard NC 250:2005 [46], for structural 
concrete. All the concretes produced with 25 
and 50% of recycled aggregates (independently 
of its origin) in substitution of natural aggregate 
achieved more than 25 MPa of compressive 
strength, which allows their use in medium 
aggressive environments, as defined by the 
above mentioned regulation. In the particular 
case of concrete produced with 100% recycled 
coarse aggregate type C-RA-35, this could be 
used in medium aggressive environments. The 
concrete made with recycled aggregates C-RA-
25 and C-RA-15 could be used in low aggressive 
environments [36]. It is important to point out 
that the properties of these recycled concretes 
and their scope of use can be improved by the use 
of mineral additions [47].
Conclusions
The conclusions obtained according to the waste 
generation, its characteristics and the principle 
uses of recycled aggregates are:  
The construction and demolition waste (CDW) 
volume exceeds 1,100 m3/day in Havana. Due to 
the current system of CDW collection employed 
and the characteristics of Havana’s buildings, 
the composition of demolition waste material is 
mixed.
The recycled fine aggregate had a higher content 
of finer material compared with that of the crushed 
natural aggregate, which make it favourable for 
its use in masonry mortar.
The mortars made with recycled aggregates 
achieved the minimum compressive strength 
required for masonry mortars. The use of recycled 
fine aggregates improved the compressive 
strength of the mortars manufactured with the 
most accessible natural sand in La Havana (FTA).
In the Industries, producing pre-cast building 
materials there is a volume of waste material 
which is mainly obtained from concrete and 
which is easily recyclable as recycled coarse 
aggregates. These recycled coarse aggregates are 
adequate for structural concrete production.
Concretes made with 50% of recycled coarse 
aggregates in substitution of the natural aggregates 
can be used according to their mechanical 
properties in medium aggressive environments, 
as defined by Cuban regulations.
Concrete made with 100% of recycled coarse 
aggregate achieved, according to Cuban 
regulations, the minimum requirements for its 
use as a structural concrete for the use in low 
aggressive environments.
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